than just soil taxonomists. A further expression of that recognized need was the publication of The Soil Resources of Thailand by Vijarnsorn and Eswaran (2002) .
Importance of Soil Taxonomy
A scientific taxonomy of soils is fundamental to the wise use of soil resources for multiple uses, such as increasing food production and food security, generating bioproducts, furthering conservation, and ensuring environmental health. Although there are several taxonomies of soils, few are simple enough for daily use by the most frequent users of soils-farmers and producers. Soil identification and naming is essential for nearly every use of soils-from basic food production and ensuring food security to the use of soils for detoxification of wastes and ensuring the sustainability of endangered species. This has been well recognized by soil scientists since the beginning of the discipline, which probably can be traced to Russian scientists of the 19th century. The various taxonomies of soil that are available, be it the US Soil Taxonomy, the French System, the Brazilian System, or the Russian System, all serve a fundamental role in the organization and transfer of knowledge of soil science. Most modern Geographical Information Systems (GIS) use soil maps and taxonomy as a base layer of their system. This contribution is essential and a tremendous help to all working with soils, soil-related sciences, and natural resources.
The importance of soil taxonomy has been amply illustrated in the work of the Benchmark Soils Project supported by the USAID in the 1980s (Silva, 1985) and the International Benchmark Sites Network for Agrotechnology Transfer (IBSNAT) project that followed in the 1990s (IBSNAT Project, 1989) . The former project pointed out two options for the transfer and sharing of agricultural production technology: (i) transfer by trial and error and (ii) transfer by analogy. The project was able to scientifically show that soil groups, specifically the soil family, were generally able to stratify the growing environment and provided a far more efficient method of information transfer than the traditional trial-and-error approach. The IBSNAT Project expanded the concept by showing that with simulation models, transfer was not limited to exact matches between classes of soils. A fourth approach is that of using decision aids that capture both the biophysical and the decision-making processes and organize it and enable it to be used by clients such that both the technology and the decision-making processes are easily transferred. This empowers users with both the biophysical knowledge and the logical structures to apply it. The latter approach to the transfer of site-specific nutrient management and empowerment of the farmers was proposed by Attanandana and Yost (2003) as a decision aid approach. It is significant that all of the above approaches to technology transfer include the use of soil information to group or class soil resource information.
Use of the Soil Series as an Index of Soil Information
The soil series designation of soil taxonomy serves as one of the fundamental units of the taxonomy. It is the most detailed designation arising from the soil mapping process and comprises the most essential and defining information for common issues in managing soils. The art of selecting and recognizing soil series illustrates that the process of developing a taxonomy of soils can be gradual, increasing the number and detail of soil series as new knowledge and experience in using soils in a region occur. The process of forming a soil series can begin with an initial experience with a specific soil, perhaps in terms of using the soil in support of a particular type of agriculture or land use. Often, such a first designation of a soil series, however, can expand and also become more specific as soil scientists consult with local users of the soils to cross-check observations and recognition of advantages and disadvantages of a particular series. Work with local users can also result in the formation of new more detailed series as knowledge of the soil increases or new analyses are performed. If some consensus occurs, then soil mappers often assign local names as preliminary designation of a soil series. Soil taxonomists in the United States and countries using soil taxonomy correlate or verify soil series so that no duplicate soil series are named and that the use of the same series at multiple locations is a valid expression of great similarity among the soils at those locations.
Taxonomies of Various Purposes
There are some circumstances, however, that point out the need for another option for organizing and transferring of soil information. This need for a special classification has been recognized by soil taxonomists when they describe both Bnatural[ and Btechnical[ classification systems (Buol et al., 1989 system has the goal of grouping and differentiating soils in a way that reflects properties that are fundamental to nearly all the diverse uses of soils, whereas a technical classification system is designed for specific user groups and for specific uses of soils. The system we describe in this article is of yet a different nature. It takes advantage of the natural system with all of the scientific detail and specificity considered necessary by soil taxonomists. The use of the soil series name, however, permits growers and producers to use the scientific categories based on specific soil properties for their sharing of experience and management.
Indigenous Taxonomies of Soils That soils are widely used to group and categorize indigenous knowledge of farmers is also well known. In addition to the scientific taxonomy of soil, there are the ethnopedological studies (Barrera-Bassols and Zinck, 2003) that characterize soil and land knowledge systems. These authors report on worldwide studies including 61 countries and the ways that some 217 ethnic groups group soils and soil knowledge. These studies, carried out by a combination of natural and social scientists, are said to provide useful information for improving rural development programs. An example is given of the names of soils used by Bedouins of the upper regions of Egypt. Studies show that the names given to soils group soils into physical property and nutrient supply categories, with the physical groupings correlating with those of current scientific systems. This discipline may well provide assistance in learning how to build upon indigenous knowledge and merge it with scientific knowledge for further benefit. Other examples of studies of indigenous taxonomies of soils include the work of Namriah and Badayos (2007), who characterized an indigenous taxonomy, the soils in Sulawesi, eastern Indonesia.
Information Retrieval-The Use of Soil Information in Decision Aids The use of soil information is widely recognized as virtually mandatory in decision aids that estimate fertilizer needs. One of such systems is the Nutrient Management Support System decision aid (Osmond et al., 1999) software developed by the Soil Management Collaborative Research Support Program, which includes the Acidity Decision Support System (Yost et al., 1990 ) and the Phosphorus Decision Support System (Yost et al., 1992) software, both of which use soil information to guide users and limit inappropriate application of the knowledge contained therein. For these decision aids, specifying the soil series gave ranges in expected yield estimates of critical soil parameters needed to calculate liming, phosphorus, and potassium requirements such as clay content and type of soil mineralogy. The simulation software Decision Support System for Agrotechnology Transfer (IBSNAT, 1989) also includes detailed soil information by each soil horizon in the soil database but tends to depend less on taxonomy than other decision aids.
One of the motivations for searching out a practical index for soil information arose in the development of site-specific nutrient technology described in Attanandana et al., (1999) and elaborated in Attanandana and Yost (2003) and Attanandana et al. (2007) . This technology was composed of four components:
& The field identification of soil series-to reference modal soil chemical and physical data for use in the decision aids & The use of soil test kits-to assess site-specific nutrient levels & The use of decision aids-to interpret the sitespecific information to provide a scientific recommendation & The fourth component increased the capability and confidence of the farmers to acquire and use the technology (Attanandana et al., 2008) This decision aid was designed to predict nitrogen fertilizer requirements of maize grown on soils of the maize belt of Thailand. The decision aid was based on the soil series, which retrieved the extensive information needed by the Decision Support System for Agrotechnology Transfer Model to estimate the nitrogen needs of maize. The soil series was found to be suitable to classify and index daily climate data required by the model. In addition, representative values of soil nitrogen, organic matter, and soil carbon could be approximated by using the modal values of the soil series. Thus, the soil series was a method of grouping and indexing the information required by the simulation model and thereby greatly simplifying its application.
The value of the soil series in stratifying variability is illustrated in a report by Yost and 738 BOONSOMPOPPHAN, ET AL. SOIL SCIENCE Fox, (1981) , where the value of various taxonomic units in stratifying variability was quantified. Clearly, the soil series was an excellent choice for such stratification and, in turn, to represent modal values of both chemical and physical properties. Currently, when the SimCorn decision aid is given a specific soil series, the representative values of the necessary parameters are also retrieved and used in the model run. This simplification provided a feasible way to take advantage of the simulation model detail but also to avoid the impossible task of collecting a complete data set for each farmer's fields. In this way, being able to identify the soil series in the field enables the use of decision aids and models and the expert knowledge contained therein to process the sitespecific information also obtained in the field to provide management suggestions from which the farmer may choose.
Farmers' Needs for Soil Identification The situation observed with the initial application of site-specific nutrient management was that the producer and growers who work the land daily and care for the crops that grow did not have a convenient way to refer to the specific soils of their farm nor a way to compare their soils with those of a neighbor (Attanandana et al., 1999) . It was clear that there was a need for the users of the technology to identify the soil to use the simplified site-specific technology. The question was posed, BWhy not train these people to recognize and become conversant with the existing systems of Soil Taxonomy?[ The terms of soil taxonomy are systematically built on Latin roots designed to carry scientific meaning but in long multisyllabic Latin words that become complex and difficult (Buol et al., 1989 ).
An Idea
To apply soil taxonomy concepts and to carry out the classification itself, one must be a trained soil scientist with background in soil chemistry and physics. A possible solution was to use the scientific system, which specified the soil series at the end of a scientific process, to provide a within-the-field method of identifying the soil series name. Such an identification system may be a way to field-identify the locally relevant soil series by name so that other farmers using such resources on a daily basis have a unique name and way of grouping, referring to, and pointing out similarities and differences that they can share with their colleagues, neighbors, and among generations. The convention that has been adopted in soil mapping of using locally relevant names for the soil series is a great step in the right direction; however, it fails in a sense because the logic and the information needed to identify an unknown soil to the soil series level require a scientifically detailed hierarchical key used to apply soil taxonomy (Soil Survey Staff, 1999) . Thus, to access the scientifically accurate assignment of the soil series name required expertise and analytical data far beyond that available to the usual producer.
One of the ideas that was eventually tested was to attempt to make it possible for farmers and growers to identify the already scientifically assigned soil series name in the field but using readily observable properties (B. Boonsompopphan Department of Land Development, personal communication, 2003) . The site-specific measurements taken with soil test kits could then be combined with modal soil series data to generate a recommendation for the specific site. A secondary potential benefit would be to enable farmers to share and exchange their experiences with scientifically identified and characterized soil series names. This would fulfill the objectives of soil survey as stated by Buol et al. (1989) -to identify, index, and share information, but the objective in this case was with daily users of soil information, not only scientists. This idea led to the following objectives.
Project Objectives:
1. Develop a tentative set of field-observable possibly visual criteria that could be used by nonspecialists and perhaps illiterate users of soil resources 2. Apply and test the visual system to enable expert diagnoses and recommendations 3. Explore other benefits provided by farmer access to the specific scientific name of a particular soil body on their land.
MATERIALS AND METHODS
With the previously mentioned objectives in mind, an attempt was made to search for field-based criteria that would permit simple yet unique identification of the soil series already recognized, characterized, and documented by soil scientists in earlier soil surveys. In addition,
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an objective was to organize the information in a decision-tree that could be visual, eliminating learning complex terms and words and making the system usable irrespective of language.
Selecting Criteria for Field Identification of Soil Series
Several objectives were considered in identifying such criteria for the field identification of soils:
1. The method needed to be one that can be applied in the field thus not requiring laboratory measurements-thus enabling growers, producers, and farmers themselves to identify the soils of their farms and in other farms that they might visit or compare with. 2. The method also needed to be simple, logical, as visual as possible, and almost intuitive for farmers and growers to rapidly and correctly learn. 3. The method needed to be accurate and seek to clearly identify already established soil series from scientific soil mapping surveys. In this way, the identified soil series would permit full use of the scientific information that went into the designation, characterization, and documentation of the soil series. 4. A secondary, but ultimately a perhaps more useful, purpose was to facilitate the transfer, sharing, storing (remembering), and retrieval of successes and failures by farmers and scientists with the specific soils.
Thus, considerable thought and experience and, indeed, knowledge of the local soils was required to select the criteria.
Testing the Accuracy of Field Identification
of the Soil Series Several initial tests of the system were carried out by Dr Buree who had participated in many of the soil mapping activities during many years. The initial tests were very promising, but it was not until 2005 that a survey study was carried out to compare the accuracy of farmerdetermined soil series. A test of the accuracy of farmers in identifying the soil series was conducted in two provinces. In both cases, farmer leaders had taught the farmers the visual decision tree method to determine the series names. A technician trained and tested in soil series identification visited a random sample of 15 farmers in Petchabun province. This province was selected because it comprises several contrasting soil series typically used for maize production. Another test of accuracy was carried out in Nahkon Ratchasima, one the largest maize-producing provinces in Thailand. The results are not reported here because the test was not rigorous because it contained only two series.
RESULTS AND DISCUSSION

Proposed Criteria for Upland Soils
The current criteria for upland soils are the following:
1. Soil color (four categories) These simple criteria were sufficient to group the 38 major maize soils of Thailand. Theoretically, these simple criteria could have indexed 324 unique soil series.
Applying the Criteria to Maize Soils in Thailand
Most of the upland soils in the Northeast Plateau, Central Plain, North, and West can be classified as soils with a ustic moisture regime, which is characterized by distinct dry and wet seasons. The Great Groups include the Ustifluvents, Paleustalfs, Haplustalfs, Kandiustox, Haplusterts, Haplustolls, Haplustults, and Paleustults. The Ustifluvents occur on natural levees and point bars. Usually, they have a coarse texture and contain appreciable amounts of carbonate. They originated on the slightly 740 BOONSOMPOPPHAN, ET AL. SOIL SCIENCE undulating terrain that developed in association with the Permian limestone located in the western part of the Central Plain. The Haplusterts contain smectite, have deep cracks, a dark color, and gilgai microrelief. They are more fertile, but available P is sometimes low. The Haplustolls of the region are underlain by a marl layer. Many crops are grown on these soils, however, stress is often observed because of varying degrees of clay content, tillage difficulties, poor drainage, and water stress. In areas where basaltic rocks predominate, Haplustalfs are common. The effective soil depth of these soils is variable. They may be shallow or deep, gently sloping to strongly sloping depending upon the surface configuration. The vegetation cover includes both economic crops and natural forest. Most crop production constraints include susceptibility to erosion, soil shallowness, and steep slopes.
The soils on the higher alluvial terraces are mostly classified in the Great Groups: Paleustalfs, Paleustults, and Kandiustults. Some soils of the Great Group Paleustults contain an appreciable amount of lateritic gravel. Paleustults may be shallow because of the presence of cobblestones or loose lateritic gravel. The clay particles have a relatively low cation exchange capacity. Most of these soils are still unexploited, but some are used for cultivating upland crops. Soils with ustic moisture regimes are listed in Table 1 .
Experience Using Field-Based Identification of Soil Series The previously mentioned criteria have been used since 2000 to teach over 1000 farmers how to identify their soil series. As a result of learning their soil series, they have received sitespecific recommendations for their maize crops and have enjoyed substantial economic benefits from the application of site-specific nutrient management (Attanandana et al., 2008) .
At the present time, farmer leaders have taken over the task of teaching farmers in their community the field-identification technique so that they as well can identify their land, determine levels of N, P, and K, and obtain site-specific nutrient recommendations. The technique has been a successful component of site-specific nutrient management for maize (Attanandana et al., 2008) . The technique has been introduced to the Philippines where it has been implemented in Isabela province by PhilRice under the leadership of Dr R. Badayos and in Mindanao under the leadership 
Validation Results-Upland Soil Series Identification
The results of the validation test indicate that 12 of the 15 farms' soils were correctly identified by the farmers after training by farmer leaders (Table 2) . Another comparison was conducted in Nahkon Ratchasima, where the technician reported a higher percentage of correct soil series identifications-100%. The data for this province, however, are not included as there were only two major series. Several of the scientists associated with the sitespecific technology also report that in their undocumented experience, farmers achieve from 80% to 100% accuracy in identifying the soil series in their fields.
Users of the field identification visual aid report that often the key soil series are identified without completing the full use of the five criteria. Once the key differentiating criteria among soil series in a region are recognized, they are often easily remembered and applied by those becoming familiar with the typical soil series of the area.
Soil Properties Too Transient or Dynamic to Be
Referenced by Soil Series Having pointed out these advantages of the use of soil series, it is important to point out that there is considerable soil information that cannot be stratified and referenced by knowledge of the soil series. Levels of soil water and watertransported nutrients as well as nutrients are not adequately stratified or grouped by soil series. In the case of fertilizer applications, the nutrient content of nitrogen, for example, cannot be fully ascertained by only knowing the soil series. Likewise, levels of the nutrient phosphorus and potassium cannot be determined from soil series alone, although fundamental reactivity of soils with such nutrients can often be meaningfully stratified. Examples of fundamental reactivities that are not transient are the buffer coefficients for phosphorus (Cox, 1994) and potassium (Yost and Attanandana, 2006) . With the site-specific nutrient management technology that we propose (Attanandana and Yost, 2003) , nutrient levels are explicitly measured with the portable soil test kit. The interpretation of soil test kit values, however, takes advantage of the buffer coefficients previously mentioned. It is interesting to note that some indigenous soil classification systems also use color and texture as grouping criteria (Namriah and Badayos, 2007) .
With the success of the site-specific nutrient management of maize described in Attanandana and Yost (2003) and Attanandana et al. (2008) came a request to extend the technology to other regions and other soil environments. Extension of the technology to soils on which sugarcane is grown was quite easy, however, extension to the extensive paddy soils of Thailand, comprising some 10.4 million ha in the country, required a new system that would exploit properties of paddy soils. A system has been developed for paddy soils but uses very different criteria.
CONCLUSIONS
In summary, our experience has been that farmers have benefitted from the soil series identification as follows:
1. Field-based identification of soil series has been easily learned by farmers and farmer leaders who have taught the technique to other farmers so that they could obtain sitespecific nutrient recommendations. As a result of applying site-specific nutrient management, farmers have reduced their fertilizer use while maintaining yields and thus increased profit and reduced excessive fertilization. 2. Farmers now know the names of their diverse soils within their field, and this gives them a name to use to describe, remember, and share crop, variety, and production results. 3. Learning the names of their soils will, in our expectation, help farmers to more rapidly share their experiences and more rapidly improve the quality of their management because they will have access to more and better information. 4. Just knowing their soil series appears to be a strong measure of empowerment in its own right. 5. The technique seems readily transferable to other countries in southeast Asia, where soils are mapped and the soil series is known. We speculate that the technique can be used where soils are not mapped as long as the application of the criteria is done with the assistance and input of a well-trained soil scientist.
